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VOZARCI , REPUBLIC OF MACEDONIA
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1 ”*RFH 'HOFHY” 8QLYHUVLW\ 6WLS 5HSXEOLF RI 0DFHGRQLD
LYDQERHY#XJGHGXPN 
Abstract
,Q WKLV SDSHU WKH UHVXOWV DUH SUHVHQWHG ZKLFK DUH REWDLQHG ZLWK DQ DQDO\VHV 
RQ WKH ǥǡ SDUWLFOHV E\ DSSO\LQJ WKH 6FDQQLQJ HOHFWURQLF PLFURVFRS\ IURP 
WKH UHJLRQ RI WKH WRZQ RI .DYDGDUFL GXULQJ WKH PRQWK RI 1RYHPEHU  
7KH REWDLQHG UHVXOWV SRLQW WR WKH IDFW WKDW WKH Ǥǡ SDUWLFOHV DUH PRVWO\ RI 
OLWRJHQLF RULJLQ WKDW LV WKH GHWHUPLQHG PLQHUDO FRQWHQWV SRLQW WR WKH IDFW WKDW 
WKH SDUWLFOHV PRVWO\ RULJLQDWH IURP WKH ORFDO JHRORJLFDO HQYLURQPHQW 2QO\ LQ 
RQH VDPSOH LW ZDV GHWHUPLQHG WKH SUHVHQFH RI DQWKURSRJHQLF SDUWLFOHV ZKLFK 
FRXOG EH OLQNHG ZLWK WKH DFWLYLW\ RI WKH PHWDOOXUJLF IDFWRU\ IRU SURGXFWLRQ RI 
IHURQLFNHO ZKLFK LV ORFDWHG QHDU WKH UHVHDUFKHG UHJLRQ
Keywords: РМ-10 particles, scanning electronic microscopy, Kavadarci, 
Vozarci.
ǣриȗинален научен труд8'& 502/504
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ЕЛЕКТРОНСКИ МИКРОСКОП (SEM)
Иван Боев1 
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Апстракт
Ǘо трудот ȥе прикаȚани резултатите Ȭто ȥе доȕиени ȥо анализа на 
чеȥтичките Ǥǡ ȥо приȠена на ȥкенинȗ електронȥката ȠикроȥкопиȆа од 
реонот на ȗрадот ǟавадарци во текот на ноеȠври  ȗодина Доȕиените 
резултати во оȥнова укаȚуваат на Ȩактот дека чеȥтичките Ǥǡ во 
наȆȗолеȠ ȕроȆ иȠаат литоȗено потекло одноȥно утврдениот Ƞинерален 
ȥоȥтав укаȚува на Ȩактот дека чеȥтичките во наȆȗолеȠ ȕроȆ потекнуваат 
од локалниот ȗеолоȬки ȥклоп ǦаȠо во еден приȠерок ȕеȬе утврдено 
приȥуȥтво на антропоȗени чеȥтички кои ȠоȚат да ȥе поврзат ȥо раȕотата 
на Ƞеталурȗиȥкиот коȠȕинат за производȥтво на Ȩероникел коȆ е лоциран 
во непоȥредна ȕлизина на иȥтраȚуваниот реȗион
Клучни зборови: честички ПМ-10, сканинг електронската 
микроскопија, Кавадарци, Возарци.
1. Introduction
7KH WRZQ RI .DYDGDUFL LV LQ 5HSXEOLF RI 0DFHGRQLD VRXWK(DVW (XURSH 
QHDU WKH ERUGHU ZLWK 5HSXEOLF RI *UHHFH )LJ  $ERXW   LQKDELWDQWV 
OLYH LQ WKH WRZQ ZKLFK LV ORFDWHG LQ WKH VRXWK SDUW RI WKH 7LNYHV DUHD 7KH 
LQKDELWDQWV DUH ZRUNLQJ LQ WKH ÀHOG RI DJULFXOWXUH SURGXFWLRQ RI JUDSHV DQG 
ZLQH DQG VRPH RI WKHP ZRUN LQ WKH LQGXVWU\ IRU SURGXFWLRQ RI IHURQLFNHO DV 
ZHOO DV LQ WKH LQGXVWU\ IRU SURGXFWLRQ HOHFWURSDUWV IRU PRWRU YHKLFOH 6WDÀORY 
HW DO  6WDÀORY HW DO  %DFHYD HW DO  %RHY HW DO  6WDÀORY 
HW DO 
7KH JHRJUDSKLFDO SRVLWLRQ DQG UHOLHI RI 7LNYHV YDOOH\ LV D VLJQLÀFDQW 
IDFWRU ZKLFK DIIHFWV WKH RYHUDOO FOLPDWLF FKDUDFWHULVWLFV ,W LV DQ DUHD ZKHUH WZR 
]RQDO FOLPDWHV KDYH WKHLU HIIHFWV &RQWLQHQWDO DQG 0HGLWHUUDQHDQ
7KH &RQWLQHQWDO FOLPDWH H[LVWV RQ WKH QRUWK DQG FRQWLQXHV DORQJ WKH 5LYHU 
9DUGDU DQG %UHJDOQLFD $V D UHVXOW WKHUH DUH VKRUW EXW TXLWH FROG SHULRGV
7KH 0HGLWHUUDQHDQ FOLPDWH DIIHFWV WKH VRXWK FRPLQJ IURP WKH $HJHDQ 
6HD EULQJLQJ PLOG ZLQWHUV ZLWK UHODWLYHO\ KLJK WHPSHUDWXUHV
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7KH 7LNYHV YDOOH\ LV D UDWKHU ZDUP DUHD ZKLFK SRVLWLYHO\ DIIHFWV WKH 
GHYHORSPHQW RI ZLQHJURZLQJ 7KH DYHUDJH WHPSHUDWXUH LQ .DYDGDUFL LV & 
IURP WKH KLJKHVW WHPSHUDWXUH RI & LQ 'HPLU .DSLMD & IURP WKH 
KLJKHVW WHPSHUDWXUH RI & 7KH ZDUPHVW PRQWKV LQ .DYDGDUFL DUH -XO\ 
DQG $XJXVW ZLWK DYHUDJH PRQWKO\ WHPSHUDWXUH RI & DQG WKH FROGHVW 
PRQWK EHLQJ -DQXDU\ ZLWK DYHUDJH PRQWKO\ WHPSHUDWXUH RI &
7KH ODUJHVW SDUW RI 7LNYHV YDOOH\ LV FKDUDFWHUL]HG E\ VPDOO DPRXQWV 
RI SUHFLSLWDWLRQ 7KH DUHD DURXQG *UDGVNR LV FRQVLGHUHG WR KDYH WKH ORZHVW 
SUHFLSLWDWLRQ LQ 5HSXEOLF RI 0DFHGRQLD 7KH DYHUDJH DQQXDO SUHFLSLWDWLRQ LQ 
.DYDGDUFL LV PP
Fig.1. *RHJUDSKLFDO DQG JHRORJLFDO PDS RI DUHD RI .DYGDUFL ,YDQ %RHY 

Сл. 1. ГеоȗраȨȥка и ȗеолоȬка Ƞапа на оȕлаȥта ǟавадарци
2. Geological settings 
7KH JHRORJLFDO LQJUHGLHQWV LQ WKH DUHD RI 7LNYHV LQYROYHV YDULRXV 
JHRORJLFDO IRUPDWLRQV 5DNLFHYLF DQG +ULVWRY  ZLWK GLIIHUHQW JHRORJLFDO 
DJH )LJ 7KH ROGHVW IRUPDWLRQV KDYH D 1:6( GLUHFWLRQ DQG EHORQJ WR WKH 
LQQHU SDUW RI WKH 9DUGDU ]RQH 7KH ORZHVW 3DOHR]RLF 3] PHWDPRUSKLF OD\HU 
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FRQVLVWV RI WZR VHULHV DPSKLEROLWHV DQG DPSKLEROHFKORULWLF VKDOH ZLWK PDUEOH 
SUROD\HUV DQG TXDUW] VHULFLWH VKDOH ZLWK PDUEOH SUROD\HU DQG SK\OOLWHV ,Q WKH 
VWUXFWXUH RI WKH 9DUGDU ]RQH WKHUH LV SUHVHQFH RI VHUSHQWLQLWHV
2YHU WKH 3DOHR]RLF IRUPDWLRQV WKH 0HVR]RLF IRUPDWLRQV GHYHORSHG 0] 
PDLQO\ LQ WKH ORZHU FKDON ]RQH 7KH 7XURQLDQ VDQGVWRQHV . FRQJORPHUDWHV 
DQG PDVVLYH FKDONVWRQH VWUHWFK VRXWKZHVW DQG ZHVWHUQ SDUW RI WKH 7LNYHV DUHD 
7KH GLDEDVH DQG VXEPDULRQ RXWSRXULQJ RI VSLOLWH DUH DOVR FRPPRQ LQ WKH ORZHU 
SDUW RI WKLV VHTXHQFH ZKHUH WKHUH DUH VPDOOHU PDVVHV RI JDEURXV 7KH 3DOHR]RLF 
DQG 0HVR]RLF URFNV FRYHU DOPRVW NP2 IURP WKH ZHVW DQG VRXWKZHVW SDUW RI 
7LNYHV DUHD
8SSHU HRFHQLF (3 ÁLFK VHGLPHQWV DQG \HOORZ VDQGVWRQHV DUH SUHVHQW 
DORQJ WKH YDOOH\V RI WKH 9DUGDU &UQD 5HND DQG /XGD 0DUD DV ZHOO DV LQ D VPDOO 
DPRXQW LQ WKH 7LNYHV EDVLQ 7KHVH VHGLPHQWV ZLWK P GHSWK FRYHU P2 RI 
WKH QRUWKHUQ SDUW RI WKH DUHD
7KH 7LNYHV EDVLQ LV ÀOOHG ZLWK 3OLRFHQH 3O VHGLPHQWV UHSUHVHQWHG ZLWK 
YDULRXV VHULHV RI VDQGVWRQH 7KH 3OLRFHQH VHGLPHQWV FRYHU WKH ODUJHVW SDUW RI 
WKH DUHD DERXW NP2
6RXWKHDVW RI .DYDGDUFL WKHUH DUH TXDUWHU\ 4 S\URFODVWLF YXOFDQLF URFNV 
UHSUHVHQWHG E\ WXIV EUHFLDV DQG FRQJORPHUDWHV ZKLFK FRYHU DERXW  RI WKH 
DUHD 7KH TXDUWHUO\ SHULRG LV UHSUHVHQWHG ZLWK GLOXYLXP G ULYHU WHUUDFHV W 
DQG DOOXYLXP DO
3. Methodology 
*DWKHULQJ VDPSOHV LV GRQH DFFRUGLQJ WR VWDQGDUG SURFHGXUHV E\ VHWWLQJ XS 
WZR PRELOH VWDWLRQV RQH LQ WKH DUHD RI YLOODJH 9R]DUFL QHDU WKH LURQ VPHOWHU\ 
IRU IHUURQLFNHO DQG WKH RWKHU LQ WKH XUEDQ SDUW RI WKH WRZQ RI .DYDGDUFL  
VDPSOHV KDYH EHHQ FROOHFWHG LQ WKH DUHD RI WKH YLOODJH 9D]DUFL DQG  IURP WKH 
XUEDQ SDUW RI .DYDGDUFL
7KH GHWHUPLQDWLRQ RI FRQFHQWUDWLRQ RI HOHPHQWV LQ WUDFHV LV SHUIRUPHG 
DSSO\LQJ WKH ,&306 PHWKRG ZLWK DFFRUGDQFH WR ,62 VWDQGDUGV
6(0 DQDO\]HV ZHUH UHFRUGHU RQ 6FDQQLQJ HOHFWURQ PLFURVFRS\ 9(*$ 
/08 DQG ,1&$(QHUJ\  0LFURDQDO\VLV 6\VWHP IRU TXDQWLWDWLYH DQDO\]HV RI 
WKH VDPSOHV 6(0 DQDO\]HV DUH PDGH ZLWK 6( GHWHFWRU RQ N9 YROWDJH )LUVW 
ZH FOHDQ WKH VDPSOHV DQG WKHQ SXW VPDOO SLHFH RQ VDPSOH KROGHU ZLWK FDUERQ 
GRXEOH – DGKHVLYH WDSH RQ LW 7KH VDPSOHV ZHUH DQDO\]HG RQ KLJK YDFXXP PRGH 
PRUH WKDQ  3D 6DPSOH VXUIDFH LV PRWRUL]HG RQ  D[HV [\] URWDWLRQ DQG 
WLOW )RU VFDQQLQJ HOHFWURQ PLFURVFRS\ LV XVHG 9HJD7& VRIWZDUH  
7KH HQHUJ\–GLVSHUVLYH ;UD\ V\VWHP IRU 6(0 LV IXOO\ TXDQWLWDWLYH 6'' 
ZLWK H[FHOOHQW SHUIRUPDQFH DW ORZ DQG KLJK FRXQW UDWHV &DSDEOH RI DFKLHYLQJ 
D UHVROXWLRQ EHWWHU WKDQ H9 RQ WKH 0Q.a  ).a DQG &.a SHDNV  7KH ZRUNLQJ 
GLVWDQFH IRU ;UD\ LV  PP
 191
   Факултет за природни и технички науки 
   Универзитет “Гоце Делчев” – Штип NATURAL RESOURCES AND TECHNOLOGY
   Faculty of Natural & Technical Sciences
   *RFH 'HOFHY 8QLYHUVLW\ – 6WLS
4. Result and discussion 
7KH FRQFHQWUDWLRQ RI WKH VROLG SDUWLFOHV LQ WKH DLU GHWHUPLQHG ZLWK WKH 
LQGLFDWLYH PHDVXUHV FRQGXFWHG LQ WKH LQGXVWULDO ]RQH RI .DYDGUFL GXULQJ WKH 
PRQWK RI 1RYHPEHU  RQ WKH PHDVXULQJ ORWV LQ .DYDGUFL DQG 9R]DUFL 
DUH ZLWKLQ WKH IUDPHV RI WKH KRXUV OLPLW IRU SURWHFWLRQ RI KXPDQ KHDOWK 
SUHVFULEHG EXW WKH SURFHGXUH IRU OLPLW YDOXHV IRU OHYHOV DQG W\SHV RI SROOXWLRQ 
VXEVWDQFHV LQ WKH DLU DQG OHYHOV RI DODUP WHUPV IRU UHDFKLQJ WKH OLPLW YDOXHV 
PDUJLQV RI WROHUDQFH IRU OLPLW YDOXHV REMHFWLYH YDOXHV DQG ORQJWHUP REMHFWLYHV 
”2IÀFLDO 1HZVSDSHU RI 50 1R  H[FHSW RQ  DQG  RI 0DUFK 
ZKHQ DQ LQVLJQLÀFDQW  нRYHUÁRZ RI WKH OLPLW YDOXH LV REVHUYHG 
,W VKRXOG DOVR EH QRWHG WKDW WKH JHRFKHPLFDO FRQWHQWV RI WKH SDUWLFOHV 
Ǥǡ 7DEOH  SRLQWV WR WKH IDFW WKDW WKHUH DUH QR DQWKURSRJHQLF YDOXHV DQG 
WKDW WKH SDUWLFOHV FRQWHQWV PRVWO\ FRUUHODWHV WR WKH OLWRJHQLF FRQWHQWV DV D UHVXOW 
RI WKH JHRORJLFDO VWUXFWXUH 
7KH VWXGLHV FRQGXFWHG WKURXJK 6(0 SRLQW WR WKH SUHVHQFH RI PLQHUDO 
SKDVHV IURP WKH W\SH RI IHOGVSDU SODJLRFODVH S\UR[HQH DQG TXDUW] )LJ
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Тable 1.  &KHPLFDO FRPSRVLWLRQ RI SDUWLFOHV 30 ,&306
Табела 1. ǪеȠиȥки ȥоȥтав на чеȥтичките Ǥǡ ,&306
07/PO37 
.DYDGDUFL
08/PO37 
.DYDGDUFL
09/PO37 
.DYDGDUFL
10/37 
.DYDGDUFL
11/PO37 
.DYDGDUFL
12/PO37 
.DYDGDUFL
 13/37 
9R]DUFL
15/37 
9R]DUFL
PJNJ
/L        
%H        
%        
Na 1949 2529 2343 1512 1848 1378 998 2038
0J 158 177 272 272 114 96 194 285
Al 221 264 191 116 154 140 182 380
P        
. 1405 2310 2413 1030 1173 1587 1183 1737
Ca 20 18 5849 4346 11 5188 2832 4457
7L        
V        
Cr        
0Q        
)H        
Co        
1L        
&X        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=Q        
*D        
*H        
As        
Se        
5E        
Sr        
0R        
3G        
$J        
&G        
6Q        
6E        
Cs        
%D        
Tl        
3E        
%L        
7K        
8        
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Fig.2. 6(0 DQG ('6 DQDO\VLV RI SDUWLFOHV 30 3\UR[HQH.DYDGDUFL
Сл. 2. 6(0 и ('6 анализи на чеȥтичките Ǥǡ Ǥирокȥенǟавадарци
Fig.3. 6(0 DQG ('6 DQDO\VLV RI SDUWLFOHV 30 4XDUW] .DYDGDUFL
Сл. 3. 6(0 и ('6 анализи на чеȥтичките Ǥǡ ǟварцǟавадарци
 
	  
Element Weight% Atomic%  
    O K 57.66 73.17  
Mg K 14.36 11.99  
Si K 12.37 8.94  
Ca K 1.57 0.80  
Fe K 14.04 5.11  
    Totals 100.00   
	  
	  
Fig.2. SEM and EDS analysis of particles PM-10 (Pyroxene)(Kavadarci) 
Сл. 2. SEM и EDS анализи на честичките ПМ-10 (Пир4ксен)(Кавадарци) 
 
 
Element Weight% Atomic%  
    O K 58.85 71.51  
Si K 41.15 28.49  
    Totals 100.00   
 
 
Fig.3. SEM and EDS analysis of particles PM-10 (Quartz) (Kavadarci) 
Сл. 3. SEM и EDS анализи на честичките ПМ-10 (Кварц)(Кавадарци) 
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Сл. 4. 6(0 и ('6 анализи на чеȥтичките Ǥǡ Ǧиликатен коȠплекȥ
ǟавадарци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Сл. 5. 6(0 и ('6 анализи на чеȥтичките Ǥǡ ǟварцǟавадарци
 
Elemen
t 
Weight
% 
Atomic
%  
    O K 61.91 77.73  
Mg K 2.32 1.92  
Al K 4.61 3.43  
Si K 9.48 6.78  
Ca K 16.59 8.31  
Fe K 5.09 1.83  
    Totals 100.00    
 
Fig.4. SEM and EDS analysis of particles PM-10 (Complex silicates)(Kavadarci) 
Сл. 4. SEM и E S анализи на честичките ПМ-10 (Силикатен к425лекс)(Кавадарци) 
 
 
Element Weight% Atomic%  
    O K 47.93 61.66  
Al K 5.86 4.47  
Si K 46.21 33.87  
    Totals 100.00    
 
Fig.5. SEM and EDS analysis of particles PM-10 (Quartz)(Kavadarci) 
Сл. 5. SEM и EDS анализи на честичките ПМ-10 (Кварц)(Кавадарци) 
 
 
 
 
 
 
